Background
Introduction
Incidence of asthma has increased dramatically worldwide and become a great health burden in children in recent decades [1] . Previous studies suggested that cesarean section (CS) was a risk factor for childhood asthma [2, 3] . However, almost all CS were performed for fetal and maternal indications in previous reports [2, 3] . And these indications themselves may be risk factors for childhood asthma. For example, fetal growth restriction and pre-term birth are associated with higher likelihood of both CS and childhood asthma [4, 5] . The observed association, therefore, might be due to residual confounding by indication even though such fetal and maternal complications were often adjusted in the analyses.
China has a very high CS rate [6] . More than half of the CS are due to maternal or family request without any medical indication (56% of all CS) [7] . Thus, China provides an ideal setting to study if CS itself is associated with the risk of childhood asthma. We conducted this hospital-based case-control study to investigate this issue.
Methods
From June 2015 to January 2016, children with asthma diagnosed by pediatrician according to the definition of the Global Initiative for Asthma guidelines [8] at the age between 4 to 12 years were recruited in the case group from the Xinhua Hospital, Shanghai, China. The controls were non-asthma patients at the same age range from pediatric outpatient clinic and pediatric surgery clinic. The study protocol was approved by the Institutional Review Board at the Xinhua Hospital. A parental informed consent was obtained for each child. A face-to-face interview was conducted with the parents of both asthmatic children and controls, which included information on parental demographic characteristics, mode of delivery of the child, feeding and environmental exposure. The questionnaire for the control group included a wheezing module for 6-7 years old from the International Study of Asthma and Allergies in Childhood, in order to exclude potential asthmatic children [9] .
Information on mode of delivery (CS vs. vaginal delivery) and breastfeeding at the first six month after birth was reported by parents. We further inquired whether the CS was performed due to woman or family request without medical indication, fetal complications, maternal diseases or pregnant complications, or other reasons. The fetal indications included dystocia, fetal distress, suspected macrosomia or fetal growth restriction, fetal malposition, multiple gestation. The maternal indications consisted of severe maternal chronic diseases or pregnancy complications such as congenital heart disease and severe hypertensive disorders in pregnancy. The other reasons for CS included the history of previous CS, placenta praevia, placental abruption, nuchal cord, premature aging of the placenta, and uterine malformation.
We first examined the maternal and infant demographic characteristics in cases and controls. We then explored the associations between CS and the risk of childhood asthma. We further examined the modifiable effect of postpartum breastfeeding on the association between CS and childhood asthma in a stratified analysis. If a covariant changed the association between exposure and outcome by 10% or more, this variable was considered as a potential confounder and was included in the multivariate model. We identified the following potential confounders: maternal education levels ( 9, 10-12, 13-16, or !17 years), paternal education levels ( 9, 10-12, 13-16, or !17 years), gender (boy/girl), newborn resuscitation (no/yes), and family history of allergic diseases in any of his family members (no/yes). Missing data of the confounders were included as a separate category in the analysis. Unconditional logistic regression models with LOGISTIC procedure in SAS 9.2 (SAS Institute Inc., Cary, North Carolina) were used. The results were presented as odds ratios (OR) and 95% confidence intervals (CI).
Results
Fig 1 illustrates the subject selection process. We excluded cases and controls if they were not at the age between 4 to 12 years or had missing information on age, twins, preterm births or low birth weight, or had no information on CS indications. Controls with history of wheezing were also excluded, leaving a total of 573 cases and 812 controls for final analyses.
The case group had a higher proportion of CS, especially CS without indications, compared with the control groups. The cases were more likely to be boys, younger, and at higher levels of their parents' education (Table 1) . Table 2 further illustrates that CS without medical indication was associated with an increased risk of childhood asthma after adjusting for potential confounders (adjusted OR = 1.58 [95% CI 1.17-2.13]). When subjects were stratified by feeding pattern within six months after birth, the risk of childhood asthma was higher in children fed by non-exclusive breastfeeding than those fed by exclusive breastfeeding ( Table 2) .
The potential interactions between CS and breastfeeding was examined. But no meaningful interactions were found (S1 and S2 Tables). A sensitivity analysis was also conducted by excluding 119 controls from pediatric surgery clinic. The results were similar (adjusted OR = 1.54 [95% CI 1.13-2.09] for all subjects; adjusted OR = 1.36 [95% CI 0.89-2.09] for subjects fed by exclusive breastfeeding; and adjusted OR = 1.81 [95% CI 1.13-2.88] for subjects fed by non-exclusive breastfeeding).
Discussion
Our study shows that CS without medical indication was associated with an increased risk of childhood asthma. Breastfeeding may attenuate this risk.
Our findings were consistent with that of a meta-analysis which showed that CS modestly increased the risk of childhood asthma (adjusted ORs ranging from 1.11 to 1.31) [3] . Similarly, a population-based data-linkage study with 321,287 term singleton first-born offspring found that in comparison with children born vaginally, offspring born by planned CS were at an increased risk of asthma requiring hospital admission (adjusted hazard ratio = 1.22 [95% CI, 1.11-1.34]) and salbutamol inhaler prescription at age 5 years (adjusted hazard ratio (HR) = 1.13 [95% CI, 1.01-1.26]) [10] . Interestingly, Almqvist et al. found an increased risk of asthma among children delivered by emergency CS but not elected CS [11] , whereas Black [12] . The inconsistent findings may be due to different subjects and potential confounding effect of underlying medical indications for CS. In our study, the risk of childhood asthma is a little higher than those previously reported, which may be due to the exclusion of potential confounding by indications in our study. In addition, we excluded children who had wheezing history from controls, since those children may be potential asthma patients. The CS without medical indication may increase the risk of childhood asthma due to exposure to different microbiota during delivery in comparison to vaginal births. Fetuses delivered by CS are mainly exposed to microbiota that is predominately on maternal skin after birth, instead of those in maternal vagina [13] .This altered microbial types and colonization in early life of the child may alter natural development of immune system and then promote the development of immune-mediated asthma [13] .This might be supported by the evidence that manually exposing newborns delivered by CS to maternal vaginal microbes may partially restore normal microbiota of these infants [14] .Our study provides further support to this microbiotarelated mechanism by showing the protective effect of exclusive breastfeeding in infancy on the risk of childhood asthma since breastfeeding could prevent allergy through regulating infant gut barrier function and microbiota [15] . Moreover, breastfeeding may also transmit immune-modulatory cytokines, immunoglobulins and chemokines to infants, which could promote development of child immune system and stimulation of alveolarization [16, 17] .
We acknowledge that our study has limitations. Perhaps the most significant limitation of the study is that it drew on a hospital-based sample. Wealthier, better-educated families might be more likely to bring their children with asthma symptoms to hospital. These families may also be more likely to request CS at birth. Thus, even though we have adjusted for maternal and paternal education, it is still possible that residual confounding may have affected our results. The true underlying association may be weaker than that in our study. Second, information on CS and its indications were self-reported. A previous study demonstrated that the accuracy of maternal recall of CS 3 to 9 years ago was 100%, and maternal recall of severe obstetric complications was also rather reliable [18] . Moreover, the average prevalence of CS (58%) and the rate of CS without medical indications (20%) in our study was almost the same as that in a previous report, where CS prevalence and the rate of CS on maternal request were 56% and 20%, respectively [7] . Therefore, the self-reported CS and its indications may be reasonably accurate in our study. Third, the data on feeding in infancy was recalled by parents. In our study, the prevalence of exclusive breastfeeding was similar to that previously reported in Shanghai, around 50% [19] . Thus, this recall may not be seriously biased.
In conclusion, CS without medical indication is associated with an increased risk of childhood asthma. Our study avoided the challenge of potential residual confounding by CS indications and illustrated a clear relationship. CS may have contributed to the increased prevalence of childhood asthma. Fortunately, breastfeeding may attenuate this risk. This finding may have important clinical and public health implications. 
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